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1 Both authors contributed equally to this work.Initial characterizations of live-Salmonella-containing early (LSEP) and late phagosomes (LSLP) in
macrophages show that both phagosomes retain Rab5 and EEA1. In addition, LSEP speciﬁcally con-
tain transferrin receptor whereas LSLP possess relatively more rabaptin-5. In contrast to LSLP, late-
Salmonella-containing vacuoles in epithelial cells show signiﬁcantly reduced levels of Rab5 and
EEA1. Subsequent results demonstrate that both phagosomes efﬁciently fuse with early endosomes
(EE). In contrast to LSEP, fusion between LSLP and EE is insensitive to ATPcS treatment. Further-
more, LSLP fuses with EE in absence of NEM-sensitive fusion factor (NSF) as well as in the presence
of NSF:D1EQ mutant demonstrating that LSLP fusion with EE is NSF independent.
 2010 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction the SNARE complex to an active unpaired (trans-SNARE) conﬁgura-Phagosome maturation depends on the fusion with various
intracellular compartments which is regulated by distinct sets of
Rabs and SNARE proteins [1,2]. During phagosome maturation,
these proteins are removed and replaced by different sets of simi-
lar molecules required for the fusion with downstream compart-
ments [1–5]. Rab proteins along with their effector molecules
activate speciﬁc SNAREs (soluble-NSF-attachment-receptor) and
regulate the fusion between vesicles [6,7]. One of the ubiquitous
proteins required for multiple vesicular fusion events is NEM-sen-
sitive fusion (NSF) protein [8], which has both ATP binding and
hydrolyzing activity [9,10].
Current model of vesicular fusion suggests [7,11] that intracel-
lular membrane fusion events are mediated by complementary
sets of SNAREs that are localized on the membranes destined to
fuse. However, due to the dynamic nature of the fusion process,
complementary SNAREs are usually present in a paired conﬁgura-
tion (cis-SNARE) in the resultant compartment rendering them fu-
sion incompetent. Subsequently, ATP hydrolysis of NSF dissociateschemical Societies. Published by E
arly phagosomes; LSLP, live
lmaleimide; NSF, NEM-sensi-
internalization medium; HB,
t
National Institute of Immu-
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hyay).tion. Finally, activated SNAREs residing on the donor vesicle binds
with the cognate SNAREs present on the target membrane (trans-
SNARE pairing) leading to fusion. Thus, the separation of cis-SNARE
complex by ATP hydrolysis of NSF is prerequisite for vesicular
fusion.
Consequently, it has been shown that fusion of early endosomes
with phagosomes also requires ATP and NSF, suggesting that
NSF–SNAP–SNARE complex is involved in phagosome maturation
[12]. Though, large numbers of pathogens are shown to modulate
the function of Rabs during maturation in the host cells [1–5],
however, not much is known about the role of NSF in the intracel-
lular trafﬁcking of pathogens. Previously, we have shown that
Salmonella-containing early phagosomes recruits Rab5 and NSF
and promotes fusion with early endosomes [3,13]. In the present
investigation, we have characterized the role of NSF at different
stages of the maturation of Salmonella-containing phagosomes in
macrophages and shown that fusion between Salmonella-contain-
ing late phagosomes and early endosomes does not require the
function of NSF.2. Materials and methods
2.1. Materials
Unless otherwise stated, all reagents were obtained from Sigma
Chemical Co. (St. Louis, MO). Tissue culture supplies were obtainedlsevier B.V. All rights reserved.
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succicinimidobiotin (NHS-biotin), avidin-horseradish peroxidase
(Avidin-HRP), avidin were purchased from Vector laboratories,
Burlingame, CA. ECL reagents were procured from Amersham
International (Amersham, UK). Gel ﬁltered cytosol used in the fu-
sion assay was prepared from J774E cells as described previously
[15].
2.2. Antibodies and recombinant proteins
Antibodies against EEA1 and Rabaptin 5 were received as kind
gift from Dr. M. Zerial (Max Planck Institute of Molecular Cell Biol-
ogy and Genetics, Dresden, Germany). Anti-NSF and anti-transfer-
rin receptor antibodies were purchased from Synaptic Systems
(Gottingen, Germany) and Zymed (Carlsbad, CA), respectively.
Anti-Rab5 antibody was kindly provided by Dr. A. Wandinger-Ness
(University of New Mexico, Albuquerque) and NSF constructs were
received from Dr. S.W. Whiteheart (University of Kentucky, Lexing-
ton, KY). All the secondary antibodies labeled with HRP and Alexa-
546 were purchased from Jackson Immunoresearch Laboratories
(West Grove, PA) and Molecular probes (Carlsbad, CA), respec-
tively. Salmonella H antiserum which predominantly detects Sal-
monella ﬂagellin was purchased from Becton Dickinson and
Company (Sparks, Maryland).
2.3. Cells
J774E macrophage and HeLa cells were maintained in RPMI-
1640 and DMEMmedium, respectively, supplemented with 10% fe-
tal calf serum and gentamycin (50 lg/ml) at 37 C in 5% CO2-95%
air atmosphere.
The Salmonella typhimurium (SL1344 strain) was obtained from
Dr. David W. Holden of Imperial College of Science, London. Salmo-
nella were also transformed with pFPV25.1 vector (provided by Dr.
Raphael Valdivia, Duke Centre for microbial pathogenesis, Durham,
NC) for constitutive expression of GFP. Bacteria were routinely
grown overnight in Luria Broth containing appropriate antibiotics
at 37 C and log phase cells were harvested by centrifugation for
phagosome preparation [14].
2.4. Puriﬁcation of Salmonella-containing phagosomes
Salmonella-containing phagosomes (live and dead) were puri-
ﬁed from J774E cells as described previously [13]. Brieﬂy, J774E
clone macrophages (1  108) were incubated with 1  109 biotin-
ylated-Salmonella at 4 C for 1 h and then the cells were shifted
to pre-warmedmedium and incubated for 5 min at 37 C to restrict
their entry primarily into the early compartment. Cells were
washed (300g for 6 min) three times to remove uninternalized
bacteria. One aliquot of the cell suspension was processed for the
Salmonella-containing early phagosome preparation. The other half
of the cell suspension was further incubated for 85 min at 37 C to
chase the bacteria to the late compartments. Subsequently, cells
were washed and homogenized in homogenization buffer (HB:
250 mM sucrose, 0.5 mM EGTA and 20 mM Hepes-KOH, pH 7.2
containing protease inhibitors) and post-nuclear supernatants
(PNS) were prepared by low speed (400g for 10 min) centrifuga-
tion. Finally, phagosomes were puriﬁed from PNS using 12% su-
crose cushion as described previously [13,14] and used for
in vitro fusion assay.
2.5. Characterization of Salmonella-containing early and late
phagosomes
To characterize the live-Salmonella-containing early (LSEP) and
late phagosomes (LSLP), respective phagosomes containing non-biotinylated-Salmonella were puriﬁed as described in the previous
section. Subsequently, phagosomal proteins (40 lg of protein)
from each time point were resolved on a SDS–PAGE and Western
blot analyses were carried out using indicated speciﬁc antibodies.
2.6. Determination of the intracellular localization of Salmonella by
confocal microscopy
To determine the localization of Salmonella at different stages of
their maturation in macrophages, J774E cells (5  105) were plated
on sterile glass coverslips placed in a six-well tissue culture plate
and directly incubated with live GFP-Salmonella (5  106 cells)
for 5 min at 37 C to restrict them into early compartments. Cells
were washed three times to remove unbound bacteria. In another
set of experiment, infected cells were further incubated for 85 min
at 37 C to chase the bacteria to the late compartments. At indi-
cated time points, cells were washed three times with cold PBS
and ﬁxed with 4% paraformaldehyde. Subsequently, cells were per-
meabilized with 0.2% saponin for 20 min and blocked with 2% BSA
for 1 h. Cells were further probed with speciﬁc antibodies against
Rab5 or EEA1 in PBS containing 0.1% saponin and 2% BSA for 1 h
at 37 C. Cells were washed thrice with PBS and incubated with
Alexa Fluor 546-labeled goat anti-mouse secondary antibody
(1:500) in the same buffer for 1 h at 37 C. Slides were mounted
in prolong gold antifade reagents (Molecular probes) and viewed
in an LSM 510 Meta confocal microscope using an oil immersion
objective. Identical experiments were carried out in HeLa cells.
2.7. In vitro fusion between Salmonella-containing early or late
phagosomes and early endosomes
Early endosomes containing avidin-HRP were prepared as de-
scribed previously [13]. To determine the fusion between LSEP or
LSLP and EE, appropriate phagosomal preparations containing bio-
tinylated-Salmonella were mixed with avidin-HRP loaded EE in fu-
sion buffer (250 mM sucrose, 0.5 mM EGTA, 20 mM HEPES-KOH,
pH 7.2, 1 mM dithiothreitol, 1.5 mM MgCl2, 100 mM KCl) contain-
ing ATP regenerating system (1 mMATP, 8 mM creatine phosphate,
31 units/ml creatine phosphokinase and 0.25 mg/ml avidin as
scavenger) supplemented with gel ﬁltered cytosol and incubated
for 60 min at 37 C. The fusion reaction was stopped by chilling
on ice. The HRP-avidin–biotin-bacterial complex was recovered
by centrifugation (10000g for 5 min) after solubilization of the
membrane in solubilization buffer (SB, PBS containing 0.5% Triton
X-100 with 0.25 mg/ml avidin as scavenger). The enzymatic activ-
ity of avidin-HRP associated with the biotinylated-bacteria was
measured as a fusion unit. Speciﬁc fusion value was determined
by subtracting the values corresponding to HRP activity obtained
when the endosomes and phagosomes were mixed in fusion buffer
without cytosol. Results are expressed as relative fusion in compar-
ison to control.
To determine the role of NSF in fusion between EE and respec-
tive phagosomes, fusion was carried out with N-ethylmaleimide
(NEM) treated phagosomes in the presence of NSF-depleted cytosol
as well as NSF-depleted cytosol containing dominant negative mu-
tant of NSF. NSF was immunodepleted from the macrophage cyto-
sol using the procedure described previously [13].3. Results
3.1. Characterization of Salmonella-containing early and late
phagosomes
Live or dead Salmonella-containing puriﬁed phagosomes at dif-
ferent stages of their maturation in macrophages were analyzed to
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its effectors. The results presented in Fig. 1a show that both LSEP
and LSLP retain Rab5 and EEA1 whereas transferrin receptor
(TFR) was detected only on LSEP. However, Rabaptin 5 was found
to be signiﬁcantly higher on LSLP (Fig. 1a). In contrast to dead Sal-
monella-containing early phagosomes (DSEP), Rab5, EEA1, Rabap-
tin 5 and transferrin receptor were not detected on dead
Salmonella-containing late phagosomes (DSLP) suggesting that this
compartment has lost early endosomal markers (Fig. 1a). In addi-
tion, phagosomes prepared under different conditions also demon-
strated the presence of similar levels of Rab5 and EEA1 on LSEP and
LSLP (Fig. S1).
Immunoﬂourescence studies further conﬁrmed that Rab5 and
EEA1 are present on LSEP and LSLP in macrophages. Further
quantiﬁcation revealed that among the total number of Salmo-
nella-containing phagosomes analyzed in macrophages, about
70% of them are positive for Rab5 and EEA1 is found on about
65% of phagosomes both at early and late time points. However,
levels of Rab5 and EEA1 on Salmonella-containing phagosomes at
later stages of their maturation in HeLa cells under identical con-
ditions were signiﬁcantly lower (20%) in comparison to early
time (70%) points (Fig. 1b). These differences could be due to
the differential trafﬁcking of Salmonella in macrophages and epi-
thelial cells.Time (min)
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Fig. 1. Comparative analysis of early endosomal markers on the live. Salmonella-contain
detection of indicated proteins on live or dead Salmonella-containing phagosomes at two
Salmonella anti-ﬂagellin antibody was used as control. Lower panel of the ﬁgure indica
independent preparations and normalized to level of the respective marker present on LSE
indicated by P values. (b) To determine the presence of EEA1 and Rab5 on Salmonella-cont
cells, cells were stained with anti-EEA1 or anti-Rab5 antibody. Cells were analyzed by con
Salmonella, EEA1 or Rab5 appears in red, and a ring like staining around Salmonella indicat
EEA1 positive phagosomes in both cell types at different time points from the analysis of
Data from three independent experiments were analyzed by paired t-test and levels of3.2. In vitro fusion of endosomes with phagosomes containing live and
dead Salmonella during different stages of their maturation
To determine the characteristics of fusion between EE and LSLP,
fusion was carried out in the presence of ATP regenerating system.
Fusion between LSEP and EE was used as control [13]. The results
presented in Fig. 2a show that LSLP fuses with EE as efﬁciently as
LSEP indicating that even after 90 min of internalization, Salmo-
nella-containing phagosomes retain their ability to fuse with EE.
However, no signiﬁcant fusion was observed between DSLP and
EE. Further characterization of the fusion between LSLP and EE
showed that fusion between these two compartments requires
cytosolic proteins and maximum fusion is observed at about
30 min (Fig. 2b). No fusion was observed when these preparations
were incubated in the presence of GTPcS (Fig. 2c) under identical
conditions indicating the speciﬁcity of this fusion process.
3.3. Determination of the role of ATP and ATP hydrolysis in the fusion
between endosomes and phagosomes
To compare the energy requirements in the fusion of LSEP or
LSLP with EE, fusion was carried out for 60 min in the presence
of ATP depleting system (fusion buffer containing 5 mM glucose,
25 units/ml hexokinase and 0.25 mg/ml avidin as a scavenger).J774E macrophages HeLacells
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ing early and late phagosomes. (a) Western blot analysis were carried out for the
different time points of their maturation in macrophages as described in Section 2.
tes the quantiﬁcation of the data. Results are represented as mean ± S.D. of three
P, arbitrarily chosen as one unit. Levels of signiﬁcance calculated by paired t-test are
aining phagosomes at different stages of their maturation in macrophages and HeLa
focal microscopy and the image represents a x/y plane where green shows the GFP-
es Rab5 or EEA1 positive phagosomes. Lower panel shows the percentage of Rab5 or
at least 100 green Salmonella-containing phagosomes which has been taken as 100%.
signiﬁcance are indicated by P values.
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Fig. 2. Comparison of the fusion between endosomes and phagosomes containing
dead or live. Salmonella at different stages of their maturation. (a) Fusion of EE with
indicated phagosomes containing live or dead bacteria was measured as indicated
in Section 2. Fusion observed between LSEP with EE was normalized to 1 unit and
results are expressed as relative fusion of three independent experiments ± S.D. One
unit corresponds to about 12.6 and 11.8 ng of HRP activity/per mg of protein in the
fusion assay containing LSEP and LSLP, respectively. Levels of signiﬁcance calculated
by paired t-test are indicated by P values. (b) Kinetics of fusion between live
Salmonella-containing late phagosomes and early endosomes using 1 mg/ml cytosol
in ATP regenerating system. Maximum fusion obtained at 30 min was chosen as 1
unit and the results are expressed as relative fusion of three independent
experiments ± S.D. One unit corresponds to 10.6 ng HRP activity/mg of protein. (c)
Effect of different concentrations of GTPcS on the fusion between EE and LSLP in the
presence of ATP regenerating system containing 1.5 mg/ml cytosol. Fusion obtained
in the absence of GTPcS was chosen as 1 unit and the results are expressed as
relative fusion of three independent experiments ± S.D. One unit corresponds to
about 10.7 ng of HRP activity/mg of protein.
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Fig. 3. Role of ATP and it hydrolysis in the fusion of endosomes with LSEP or LSLP. In
vitro fusion between live Salmonella-containing early or late phagosomes and EE
were carried out either in the presence of ATP regenerating system (control) or in
the presence of ATP depleted system as well as in the presence of ATPcS (30 lM) in
fusion buffer containing ATP regenerating system. Fusion obtained with respective
untreated control assay was chosen as 1 unit and the results are expressed as
relative fusion of three independent experiments ± S.D. One unit corresponds to
about 12.8 and 14.2 ng of HRP activity/mg of protein in the fusion assay with LSEP
and LSLP, respectively. Levels of signiﬁcance in comparison to respective controls
are calculated by paired t-test and indicated by P values. NS, not statistically
signiﬁcant (P > 0.05).
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insensitive to ATP depletion in comparison to control fusion. How-
ever, addition of ATPcS speciﬁcally blocked the fusion between EEand LSEP in the presence of ATP regenerating system [13]. In con-
trast, fusion of EE with LSLP was not signiﬁcantly inhibited by
ATPcS under the same conditions (Fig. 3) suggesting that fusion be-
tween LSLP and EE is not dependent on ATP and its hydrolysis.
3.4. NSF independent fusion of LSLP with endosomes
To determine the role of NSF in the fusion of EE with LSEP or
LSLP, respective phagosomes and cytosol were separately treated
with NEM and used in various combinations in the fusion assay.
The results presented in Fig. 4a show that the fusion of NEM trea-
ted LSEP with EE in the presence of NSF-depleted cytosol is totally
abrogated (Fig. 4a) indicating that NSF is required for the fusion be-
tween LSEP and EE [13]. In contrast, no inhibition of fusion was ob-
served between EE and NEM treated LSLP under the same
conditions (Fig. 4a).
In order to unequivocally prove NSF independent fusion be-
tween EE and LSLP, ﬁrst the NSF activity on the respective phago-
somes was inactivated by NEM treatment and then the fusion was
carried out in the presence of NSF-depleted cytosol containing dif-
ferent concentrations of NSF:WT or dominant negative mutant of
NSF (NSF:D1EQ). Our results demonstrated that even the addition
of NSF:D1EQ in the fusion system does not inhibit the fusion be-
tween LSLP and EE (Fig. 4b).
4. Discussion
Previous studies have demonstrated that intracellular patho-
gens recruit different transport related proteins on their phago-
somes and modulate the phagosome maturation process in host
cells [15]. Consequently, we have shown that intracellular patho-
gens like Salmonella recruit Rab5 on their phagosomes and pro-
mote fusion with EE to inhibit their transport towards the
lysosomes [3,13,15]. However, the role of NSF and SNARE in differ-
ent stages of phagosome maturation in host cells is not clearly
addressed. Therefore, we sought to delineate how Salmonella-
containing phagosomes interact with early endocytic compart-
ments during their early and late stages of maturation in
macrophages.
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Fig. 4. Role of NSF in the endosome fusion with LSEP or LSLP. (a) In order to
inactivate NSF on phagosome, LSEP and LSLP were treated separately with NEM
(3 mM; 30 min at 4 C) and excess NEM was quenched with 3 mM dithiothreitol
before using in fusion assay. Fusion with EE was carried out in ATP regenerating
system using indicated combinations of phagosomes and cytosol. Fusion obtained
with untreated control assay was chosen as 1 unit and the results are expressed as
relative fusion of three independent experiments ± S.D. One unit corresponds to
about 13.6 and 12.8 ng of HRP activity/mg of protein in the fusion assay with LSEP
and LSLP, respectively. Levels of signiﬁcance in comparison to respective controls
are calculated by paired t-test and indicated by P values. NS, not statistically
signiﬁcant (P > 0.05). (b) To determine the role of NSF, fusion between LSLP and EE
was carried out under identical conditions as mentioned above in the presence of
NSF:WT or NSF:D1EQ protein. Fusion obtained in the absence of NSF was chosen as
1 unit and the results are expressed as relative fusion of three independent
experiments ± S.D. One unit corresponds to about 9.8 ng of HRP activity/mg of
protein in the fusion assay.
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endosomal proteins like Rab5 and EEA1, but transferrin receptor
is present only on LSEP (Fig. 1). Absence of transferrin receptor
on LSLP suggests that though LSLP bears some early endosomal
markers but it is not a true early compartment. Recruitment of
EEA1 on LSLP is probably due to the presence of activated Rab5
on the phagosomes [13] as it has been shown that overexpression
of constitutively active Rab5(Q79L) caused the retention of EEA1
on Salmonella-containing vacuoles [16]. Moreover, Rab5 in its acti-
vated GTP-bound state also recruits several of its effectors, such as
EEA1, Rabaptin 5, rabenosyn-5 and rabex-5 [17] suggesting the
possible reason for the higher recruitment of Rabaptin 5 by LSLP
(Fig. 1a). Taken together, these results indicate that composition
of LSEP and LSLP is distinctly different from each other.
Presence of Rab5 and EEA1 on LSLP in macrophages (Fig. 1b) is
an interesting observation as it has been shown previously that
these markers are transiently acquired by Salmonella-containing
vacuoles at early time point in HeLa cells [5,18,19]. These differ-
ences in the levels of Rab5 and EEA1 on late Salmonella-containingphagosome/vacuoles are not due to the methodology of the phag-
osome preparation (Fig. S1), as we have also observed that late-Sal-
monella-containing vacuoles in HeLa cells under identical
conditions show signiﬁcantly reduced levels (20%) of Rab5 and
EEA1 in comparison to early time (70%) point (Fig. 1b). Thus,
the difference of Rab5 and EEA1 retention on late Salmonella-con-
taining phagosomes in these two cell types is possibly due to the
differential trafﬁcking of the bacteria in macrophages and epithe-
lial cells. This is supported by the fact that Salmonella can induce
rapid cell death in macrophages, via caspase 1, whereas in epithe-
lial cells a pro-survival pathway is activated [20], indicating that
Salmonella can selectively modulate host cell events depending
on the type of infected cell. These differences are possibly due to
the fact that Salmonella ﬁrst infect the epithelial cells where it ini-
tiates a signaling cascade which in turn releases pathogen-elicited
chemo-attractant that helps Salmonella to invade polymorphonu-
clear cells like macrophages where they survive and replicate [21].
Presence of Rab5 and EEA1 on LSLP prompted us to determine
its fusion properties with EE. Our results have shown that DSEP
fuses with EE whereas DSLP is unable to fuse with EE. These results
are consistent with the previous report that early phagosomes con-
taining inert particles fuse readily with EE, while mature phago-
somes do not fuse with EE [22]. In contrast, we have found that
LSLP fuses with EE as efﬁciently as LSEP (Fig. 2). Consequently,
we compared the fusion characteristics of EE with LSEP and LSLP.
In consistence with our previous results [13], we have found that
fusion of LSEP with EE is not inhibited by ATP depletion; but the
addition of ATPcS or complete depletion of NSF in the fusion reac-
tion totally abrogated the fusion demonstrating that ATP hydroly-
sis is required for the fusion of LSEP with EE (Fig. 3). On the other
hand, fusion between LSLP and EE is not only insensitive to ATP
depletion but also independent of ATP hydrolysis (Fig. 3). These re-
sults led us to investigate the role of NSF in the fusion of EE with
LSLP. Interestingly, we have found that complete depletion of
NSF does not inhibit the fusion between LSLP and EE suggesting
that NSF function is not required for this fusion (Fig. 4a). In con-
trast, fusion between LSEP with EE is totally abrogated under the
same condition and this is due to the recruitment of ATP bound
NSF by LSEP [13] and its hydrolysis.
NSF contains three distinct domains: an N-terminal domain
responsible for interaction with the a-SNAP–SNARE complex and
two homologous ATP-binding domains (D1 and D2). The D1 do-
main is responsible for ATP hydrolyzing activity of NSF, whereas
the D2 domain is required for hexamerization [23]. Several studies
have shown that a point mutation in the D1 domain like D1EQ
completely destroys the NSF activity and acts as dominant negative
mutant [8,23,24]. Therefore, we have measured the fusion between
LSLP and EE in the presence of NSF:D1EQ and our results show that
addition of NSF:D1EQ in the fusion reaction does not inhibit this
fusion (Fig. 4b). Taken together, these results unequivocally prove
that Salmonella-containing late phagosomes fuse with EE indepen-
dent of NSF function. Our observation is also supported by the fact
that the overexpression of dominant-negative form of NSF does not
affect cellular invasion by S. typhimurium demonstrating that NSF
has no role in these processes [25]. However, the percentage of
LAMP-1 stained S. typhimurium-containing vacuoles was signiﬁ-
cantly reduced in cells expressing dominant-negative NSF. This is
possibly due to the inhibition of fusion of LAMP-1-containing ves-
icles with SCV. Though, NSF independent fusion is a very rare
event, only reported in two separate systems [26] e.g., (i) homo-
typic fusion between ER, and (ii) apical transport in MDCK cells,
but the mechanism that mediates this unusual fusion is not known.
It could be possible that some unrelated molecules or distant iso-
forms of NSF, SNAP or SNAREs might regulate this process.
In conclusion, this is the ﬁrst demonstration that Salmonella-
containing phagosomes acquire new properties during their
1256 S. Parashuraman et al. / FEBS Letters 584 (2010) 1251–1256maturation to promote fusion with early compartments without
requiring functional NSF possibly to enhance their chance of
survival in macrophages. It is tempting to speculate that LSLP dur-
ing maturation might be dissociating the SNARE complex into an
active unpaired conﬁguration through some of their effector mole-
cule/s or some of the effector molecules from the bacteria possibly
mimic the SNARE proteins as shown previously [27] and recruit
complementary SNAREs from the host cell on phagosomes and
thereby promoting fusion with EE without the requirement of
NSF. Currently, we are evaluating these possibilities.
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